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INTRODUCTION 
The mammalian estrous cycle represents correlated changes in 
the central nervous system, pituitary gland as well as the female re­
productive organs. Female sex cycles of mammals may be grouped on 
the basis of copulatory responses. The guinea pig and sow are examples 
of spontaneous ovulators in which there are no apparent effects of copu­
lation on ovulation or uterine progestational changes. The rabbit,  cat 
and ferret are examples of animals which remain in a more or less 
continuous state of estrus. Ovulation in these animals is induced by cop­
ulatory stimuli which is followed by progestational changes. The rat,  
mouse and hamster are examples of animals which have short estrous 
cycles and ovulation occurs rhythmically without copulation. However, 
without copulation there is an absence of progestational changes. Copu­
lation in these species interrupts the cyclic rhythm and induces progesta­
tional changes. The resulting ovarian changes are dependent upon FSH 
stimulation for follicular development and LH release for ovulation. The 
corpus luteum forms in the site of the ruptured follicle.  In some species,  
for example the rat,  luteotrophic hormone (LTH) prolongs the life span of 
corpora lutea. Whether other species have a luteotrophic hormone re­
mains to be demonstrated. The factors involved in the regression of the 
corpus luteum during the non-fertile cycle or the maintenance of the corpus 
luteum during pregnancy are not known. It  is  evident from experimental 
2 
work on some specie s that in addition to the central nervous system and 
the pituitary gland, the uterus plays an important role in determining 
the life span of the corpus luteum. When the uterus is removed in such 
species as the cycling guinea pig, and the pseudopregnant rabbit and rat,  
the corpus luteum is maintained for a period of t ime which approaches 
that of pregnancy. In other species such as the opossum, ferret and 
monkey, removal of the uterus appears to have no effect on the main­
tenance of the corpus luteum. The purpose of this study is to determine 
the effects of complete and incomplete removal of the uterus on the 
ovarian function and estrous behavior in gilts and heifers.  
3 
REVIEW OF LITERATURE 
Hysterectomy and its effects on ovarian function have been investigated 
on an experimental and a clinical bases for more than 60 years.  
The interdependence of the ovary and the uterus varies with different 
species.  Ovarian functions and estrous behavior appear unaltered when 
the uterus is removed in the mouse, rat,  13-lined ground squirrel,  ferret,  
rabbit and dog. With a-possible exception of the 13-lined ground squirrel,  
these species will  become pseudopregnant.  Pseudopregnancy is character­
ized by a persistence of corpora lutea from the last ovulation. These cor­
pora lutea are maintained well beyond the time when they normally would 
regress and in most animals this is about half the duration of a normal 
pregnancy. The pseudopregnant condition is usually brought about by 
stimulation of the cervix in which neural mechanisms are involved. 
Uterine extirpation causes cessation of estrous behavior and persis­
tence of formed corpora lutea in the guinea pig, pig, sheep and cow. These 
species are spontaneous ovulators and the corpora lutea are functional 
during a portion of the estrous cycle. The influence of hysterectomy on 
the functional status of the ovaries in primates is questionable even though 
many clinical studies have been reported. When some species are in a 
condition of pregnancy or pseudopregnancy prior to removal of the uterus, 
the ovaries retain their corpora lutea in an apparent functional capacity 
for a duration that may exceed that observed in normal pregnant or 
pseudopregnant  animals .  
Loeb' s (1923) experiments on the guinea pig have shown that the 
amount of uterine tissue excised is correlated with ovarian function. 
Complete extirpation of the uterus was followed by persistence of the 
corpus luteum for a duration about equal to and exceeding that of preg­
nancy in some cases, whereas estrous cycles continued when only a 
part of the uterus remained intact.  The mechanism by which the uterus 
influences the retrogression of the corpus luteum may be humoral,  neural 
or a combination of both. 
Table 1 is a brief summary of experimental and clinical studies of 
the effects of hysterectomy on ovarian function in several species.  
Table 1. Effects of hysterectomy in various species 
Author (s ) Species Description of experiments Observations 
Westman 1929 
Bradbury 
1932-33 
Carmichael and 
Marshall  
1907 
Kross 1922 
mouse 
mouse 
rat 
rat 
Infantile mice were hysterec­
tomized. 
Hysterectomies were per­
formed on the 11th day of 
gestation. 
Uteri were removed from 4 
animals and the ovaries were 
examined 6 months later.  
1. Five mature animals were 
hysterectomized and the uterine 
blood vessels were severed at 
the distal and proximal ends. 
2. Six mature animals were 
hysterectomized and the uterine 
blood supplies were not injured. 
3. Hemi-hysterectomies were 
performed in 5 mature rats and 
the uterine blood vessels were 
severed at the distal and 
proximal ends. 
Normal estrous cycles were 
observed when the animals 
reached puberty. 
Active formation of milk was 
found within 48 hours after 
surgery. 
No degeneration of ovaries 
was evident.  Authors con­
cluded that the ovaries were 
not dependent upon the uterus 
1. Ovaries showed signs of 
degeneration. 
2. Ovaries showed signs of 
degeneration. 
3. Ovaries on non-operated 
side were normal,  whereas 
the ovaries on the opposite 
side degenerated. 
Vi 
Table 1.  (Cont inued)  
Author(s) Specie s Description of experiments Observation» 
4. Hemi-hysterectomies were 
performed in 6 mature rats and 
the uterine blood supplies were 
not injured. 
4.  Ovaries on non-operated 
side were normal,  whereas 
the ovaries on the opposite 
side degenerated. 
Long and 
Evans 1922 
rat Cycling animals were hyster­
ectomized. 
No effects were found on the 
structure and function of the 
ovaries.  Estrous cycles con­
tinued. a-
Marshall  192,2 white 
rat 
Cycling animals were hyster­
ectomized. 
No effects were found on the 
structure and function of the 
ovaries.  Estrous cycles 
continued. 
Durrant 1926 white Twelve rats were hysterec-
rat tomized when from 108 to 126 
days old. The results were 
determined by daily vaginal 
smears.  
Cessation of cycles from 13 
to 33 days was observed after 
which normal 4 to 5 day 
cycles resumed. 
Loeb 1927-28 rat Uteri were removed from 
cycling animals.  
Ovulations were not delayed. 
Estrous cycles continued and 
no marked mammary gland pro­
liferations were observed. 
Table 1.  (Cont inued)  
Author(s ) Species Description of experiments Observations 
Kok 1930 rat Uteri were removed from cycling Estrous cycles continued after 
animals.  surgery. 
Durrant 1931 rat Thirteen hysterectomized and 
11 control rats were observed 
for 16 months. Revolving 
activity cages were used. 
Estrous cycles were uninter­
rupted. 
Murphy 1934 rat Comparisons were made on 
the ovarian weights of 16 
control and 16 hysterecto­
mized animals.  
Ovarian cycles continued in 
both groups. Ovarian weights 
were not significantly different.  
—j 
Bradbury 1937 rat 1. Mature animals were 
hysterectomized. 
2. Hysterectomized rats 
were mated. 
3. Uteri were removed from 
pregnant animals.  
1. Estrous cycles continued. 
2. The resulting pseudo-
pregnancies were longer (18 
vs.  12 days) than that of nor­
mal rats.  
3. Corpora lutea persisted 
for a length of t ime approach­
ing what would have been term 
for that pregnancy. 
Hechter et al .  1940 rat 1. Hysterectomies were 
performed at different stages 
1. Estrous cycles continued 
in all  groups. 
Table 1.  (Cont inued)  
Author (s ) Species Description of experiments Observations 
of the sex cycle. 
2. Pregnant rats were hyster­
ectomized at different stages 
of gestation. 
3. Estrous and diestrous 
uteri  were implanted into 
hysterectomized pregnant 
animals.  
2. Corpora lutea were main­
tained for what would have 
been 21 day pregnancies.  
3. Estrous uterine im­
planted rats returned to estrus 
before the 16th day whereas 
implantation of diestrous uteri  
produced no regressive effects,  oo 
Shelesnyak and 
Schwarz 1944 
rat Twenty-three animals were 
hysterectomized at 22 days 
of age and sacrificed 8 to 24 
weeks later.  Ten control 
rats were used. 
Adult ovaries showed markec 
lutein stimulation. 
Ranney et al .  1947 rat Fourteen animals were hyster­
ectomized at 22 days of age and 
killed 16 weeks later.  Fifteen 
control rats were used. 
No significant functional or 
microscopic differences wer<; 
observed in the ovaries of the 
treated and control groups. 
Bradbury est al .  
1950 
rat 1. Uteri were removed from 
65 animals.  Vaginal smears 
were taken daily. 
2.  Twelve rats were mated 
and hysterectomized on the 
1. Normal 4 to 5 day cycles 
were maintained for 10 
months. 
2. Diestrus continued from 7 
to 21 days (average 14 days) 
Table 1.  (Cont inued)  
Author (s) Species 
Klein 1938 golden 
hamster 
Drips 1919 13-lined 
ground 
squirrel 
Carmichael and ferret 
Marshall  1907 
Description of experiments Obse rvations 
4th, 5th or 6th day of preg­
nancy. 
3. Sixty-five hysterectomized 
animals were allowed to mate. 
1. Uteri from pregnant animals 
were removed between the 8th 
and 1 3th day. 
2. Fetuses were removed 
from pregnant hamsters 
leaving the placenta intact.  
1.  F our cycling animals 
were hysterectomized. 
2. Uterine horns were 
removed and the cervices 
remained in 8 pregnant 
squirrels.  
One animal was hysterecto­
mized. 
following removal of the 
uterus. 
3. The resulting pseudopreg-
nancies averaged 17.6 days 
duration. 
1. A premature and rapid re ­
gression of the corpora lutea 
of pregnancy was observed. 
Ovarian cycles resumed. 
2. Corpora lutea of preg­
nancy were maintained and 
inhibition of ovarian cycles 
continued. 
1.  Estrous cycles continued 
Ovaries appeared normal 
when the animals were sacri ­
f iced. 
2. No pathologic effects were 
found on the ovaries containing 
corpora lutea of pregnancy. 
Ovaries appeared normal 3 
months post-surgery. 
Table 1.  (Cont inued)  
Author (s ) '  Species Description of experiments Observations 
Deanesly and Parkes ferret 
1933 
Loeb 1923 
1927-28 
1. Uteri were removed from 
6 animals toward the end of 
anestrum to determine effects 
on the next breeding season. 
2. Six animals were hyster­
ectomized and killed at dif­
ferent stages of pseudopreg­
nancy. 
guinea 1. Immature animals were 
pig hysterectomized. 
2. Cycling animals were 
hysterectomized. 
3. Subtotal hysterectomies 
(1/4 to 1/3 of the uterus 
remained intact) were 
performed in cycling animals.  
4.  Incisions were made in the 
uterine horns during the luteal 
phase of the estrous cycle. 
1.  No effects on the occur­
rence or the morphological 
changes of estrum or ovula­
tion were evident.  
2.  Duration of the pseudo-
pregnancies was normal.  
Mammary glands developed. 
1. Estrus occurred 9 to 29 
days post-surgery and the 
resulting corpora lutea 
persisted. 
2. Estrus was inhibited and 
corpora lutea persisted as 
long as 80 days. Mammary 
glands proliferated. 
3. The life span of corpora 
lutea was somewhat pro­
longed but estrus occurred 
21 to 32 days following the 
preceding ovulation. 
4.  Placentomatous tissue 
developed. (Loeb's deciduo-
mata reaction) 
Table 1.  (Cont inued)  
Author (s ) Species Description of experiments Observations 
Turner and Gomez guinea 
1934 pig 
1. Uteri were removed at 5, 
20, 25, 30 or 44 days of gesta­
tion. 
2.  Virgins were hysterec­
tomized during anestrum and 
estrum. 
1. Mammary secretions were 
initiated following the opera­
tions .  
2.  Mammary gland and teat 
development was observed. 
Hartman 1925 
Grammatikati  1889 
Mandl and Buerger 
1904 
opossum Uteri were removed except 
for a short stump of cervices 
and cotton ligatures which 
remained behind in previously 
cycled animals.  
rabbit Non-pregnant animals were 
hysterectomized. 
rabbit 
Bond 1906 rabbit 
Uteri were removed and the 
ovarian condition was 
evaluated 8 months to 3 years 
later.  
1. Uterus was removed 
including the cervix and 
oviducts.  
In all  cases (9) involution of 
the corpora lutea and return 
of estrous cycles were ob­
served. 
Ovaries were examined 6 
months later and no retrogres­
sive changes were evident.  
Numerous follicles were 
present,  however, in some 
cases cystic degeneration wan 
found due to injury of the 
blood supply to the ovaries.  
1. Ovulation sites were 
present when the animal vas 
killed. 
Table 1 .  (Cont inued)  
Author (s ) Species Description of experiments Observations 
Carmichael and rabbit 
Marshall  1907 
2. One uterine horn was 
excised. 
3. Right hdrn was doubly 
ligatured. 
Seven young rabbits were 
hysterectomized and in some 
cases copulation was allowed 
following surgery. 
2. Rabbit mated and delivered 
6 young. 
3. Coitus and pregnancy 
occurred. 
The ovaries were normal when 
the animals were sacrificed. 
Ovulation points on ovaries 
were observed in the mated 
animals.  
Hammond 1917 rabbit 
Marshall  1922 rabbit 
1.  Pieces of uteri  were 
removed or uteri  were slit  about 
the 7th day of pseudopreg­
nancy. 
2. Fetuses and fetal mem­
branes were removed between 
the 13th and 15th day of 
pregnancy. 
Uteri were excised from 
non-pregnant does. 
1. Decidual cells were ob­
served in the mucosal wall 
of the uteri .  
2.  Arrest of growth of the 
mammary glands was fol­
lowed by secretion of milk. 
Author observed acceptance of 
males and females and normal 
development in the ovaries 
when the animals were killed 
10 months later.  
Table 1.  (Cont inued)  
Author (s) Species Description of experiments Observations 
Hammond 1927 rabbit 1.  Uterus was slit  and 
scraped with a scalpel.  
2.  Small incision was made 
in the muscle wall of the 
uterus just penetrating to the 
mucosa and a graft  of fetal 
t issue was inserted. 
3. Bone graft  was inserted 
in the cavity of scraped uterus. 
1. Deciduomata formed. 
2. Fetal t issue grafted only 
where it  was in contact with 
the muscle coat of the uterus, 
3. Bone grafted only where 
it  was in contact with the 
muscle coat of the uterus. 
U1 
Unterberger 1930 rabbit Non-pregnant does were 
hysterectomized. 
Ovaries appeared normal 
when the animals were 
sacrificed. 
Asdell  and Hammond 
1933 
rabbit Uteri including cervices 
were removed before puberty. 
Thirty-five of these animals 
were mated and killed 24, 25 
and 29 days after coitus.  
Corpora lutea retained their 
size and ovulation inhibiting 
function for between 24 and 29 
days, representing a life of 
approximately 10 days longer 
than that of pseudopregnancy 
corpora lutea, but 6 days 
shorter than corpora lutea 
of pregnancy. 
Sessums and Murphy rabbit 1.  Twenty-six does were 1. Ovaries showed changes 
Table 1.  (Cont inued)  
Author (s ) Species Description of experiments Observations 
1933 hysterectomized and killed 6 
months later.  
2. Hysterectomy and simul­
taneous autotransplantation of 
endometrium was performed 
in 26 does. 
in microscopic structure 
which tended to be both inhib­
itory and degenerative. 
2. There was a tendency to 
limit the extent of inhibitory 
and degenerative changes in 
the ovaries,  thus a possible 
hormone from the uterus 
was elaborated. 
Siegmund 1934 rabbit 
Loeb and Smith 1936 rabbit 
Does were hysterectomized 
and allowed to mate. 
Eighteen mature females were 
mated in which the oviducts had 
previously been ligated. Eight­
een mature females were mated 
in which the oviducts had pre­
viously been ligated and were 
hysterectomized 5 or 6 days 
following mating. Corpora 
lutea and other sex organs in 
both groups were examined 
histologically from 16 to 50 
days following ovulation. The 
sex organs of 4 pregnant rabbits 
The pseudopregnancies were 
longer than normal animals.  
There was a noticeable 
difference in the mode of 
retrogression of the corpora 
lutea between pseudofertil ized 
rabbits,  which retained their 
uterus, and those which were 
hysterectomized. In the 
former the retrogression took 
place much more rapidly, and 
under conditions which might 
be considered inflammatory, 
at  a time when the corpora 
lutea in hysterectomized does 
Table 1.  (Cont inued)  
Author (s ) Species Description of experiments Observations 
Gillard 1937 rabbit 
Micale 1940 rabbit 
Creep 1941 rabbit 
were examined 15, 18, 20 and 
24 days following fertil ization. 
Eight pseudopregnant animals 
were hysterectomized. 
Uteri were removed from 
animals in early pregnancy and 
one of the following: folliculin, 
gonadotrophin or vitamin E 
and C were given for 20 days. 
Uteri were removed 5, 10, 15, 
20 and 25 days after mating. 
sti l l  resembled rather closeW 
those found in pregnant rabbit s  
18, 20 and 24 days after 
mating. The end point of cor­
pus luteum regression was 
about 50 days in both controls 
and hysterectomized animals.  
Pseudopregnancies were 25 
days duration as compared 
to 18 days duration for a non-
hysterectomized group. There 
was no greater increase in 
mammary gland development 
of the hysterectomized group. 
Involution of corpora lutea 
was prevented in the animals 
given vitamin E and folliculin. 
Hysterectomy anytime during 
the first  half of pregnancy 
resulted in growth of corpora 
lutea up to the 15th day after 
Table 1,  (Cont inued)  
Author (s) Species Description of experiments Observations 
coitus in a manner compara­
ble to similar stages of preg­
nancy. When the uterus was 
removed on the 5th day of 
pregnancy there was essential­
ly a conversion to a pseudo­
pregnancy. A rapid regres­
sion of corpora lutea resulted 
when the uterus was removed 
on or after mid-term. Es­
trogen was effective for main­
tenance of corpora lutea 
whereas placental extracts did 
not inhibit  luteal regression. 
Mishell  and Motyloff 
1941 
rabbit 1.  Young does were hyster­
ectomized. 
2. Animals were subjected 
to hysterectomies followed 
by injections of cow endome­
trial extracts for 30 days. 
3. Animals were subjected .  
to hysterectomies and simul­
taneous autotransplantation 
of endometrial t issues. 
1. Ovaries developed abnor­
mal follicles.  
2.  Ovaries demonstrated a 
regulated follicular prolifer­
ation and luteotrophic action 
on for^ned corpora lutea. 
3. The functional character 
of the transplants was re­
flected by corresponding 
changes in the ovaries when 
the rabbits were sacrificed 
Table 1 .  (Cont inued)  
Author (s ) Species Description of experiments Observations 
T 
Meckel 1942 rabbit 
Chu et al .  1946 
1. Part of the uterus was 
removed from pseudopregnant 
does. 
2. Estrogen was administered 
to intact does and does with 
part of the uterus removed. 
3. Uteri were removed from 
pregnant does. 
3 months after the oper­
ations .  
1.  A prolongation of the life of 
corpora lutea was proportional 
to the amount of uterus re­
moved. 
2. An amount of estrogen 
insufficient to prolong the 
life of corpora4  lutea of intact 
animals was effective in pro­
longing the life of corpora 
lutea in hysterectomized 
rabbits.  
1.  The total l ife span of cor­
pora lutea was increased to 
27 days. 
2. Uterine implants caused a 
shortening of the life span of 
corpora lutea to approximately 
that of pseudopregnancy. 
3. There was a tendency to 
shorten the functional period 
of corpora lutea. The average 
life span was 2(J days. 
rabbit 1.  Animals were hysterecto­
mized on the 11th to 14th day 
of pseudopregnancy. 
2. Uterine implants were 
administered to pseudopreg­
nant hysterectomized animals 
Table 1.  (Cont inued)  
Author (s) Species Description of experiments Observations 
x 
Tenny et ai .  1955 rabbit 
Tenny et _al.  1958 rabbit 
Unterberger 1930 dog 
Cheval 1934 dog 
4. Uteri were removed from 
pregnant does and placental 
implants were placed in the 
abdominal cavities.  
5.  Placenta were removed 
from pregnant animals.  
Non-pregnant animals were 
hysterectomized. 
Uteri and oviducts were re­
moved from 3 month old 
virgins and human uterine 
extracts were injected for 
a 4 month period. 
Non-pregnant bitches were 
hysterectomized. 
Hysterectomies and ovarian 
transplants were performed 
in non-pregnant animals.  
4.  The life span of corpora 
lutea was maintained as long 
as normal pregnancies.  
5.  The average life span of 
corpora lutea was 23 days. 
Follicle stimulation and growth 
during the first  2 weeks was 
observed. Follicles disap­
peared and ova degenerated 
at 8 to 10 weeks post-surgery. 
The extracts inhibited the 
ovarian changes observed in 
rabbits as described by Tenny 
et al .  1955. 
No effects were observed on 
ovarian function. 
A marked follicular degener­
ation was evident.  
Table 1.  (Cont inued)  
Author (s ) Species Description of experiments Observations 
Turner and De Moss dog 
1934 
Du Me s nil  Du pig 
Buisson and 
Dauzier 1959 
Spies et al .  1960 Pig 
Duncan et al .  1961 pig 
Wiltbank and sheep 
Casida 1956 
Pregnant and pseudopregnant 
bitches were hysterecto­
mized. 
1. Eight non-pregnant sows 
were hysterectomized 8 days 
after the onset of estrus. 
2. Ten pregnant sows were 
hysterectomized on the 30th day 
of gestation. 
Four gilts were hysterecto­
mized 7 days after the begin­
ning of estrus. 
Four gilts were hysterectomized 
7 and 15 days after the begin­
ning of estrus. 
The uterus was removed as 
close to the cervix as pos­
sible in 10 cycling ewes 3 to 
8 days after estrus. 
Heats were observed in both 
groups. Lobule-alveolar 
systems of the mammary 
glands developed. 
1, Corpora lutea persisted 
117 days following the last 
estrus prior to surgery. 
2. Corpora lutea persisted. 
Intense ovulations occurred 
about the 200th day. 
No heats were observed before 
slaughter at 32, 71, 72 and 
119 days. 
No heats were observed before 
slaughter at 25 and 50 days 
post-surgery. Luteal t issue 
retained a capacity for in 
vitro synthesis of progesterone. 
Estrus was inhibited and 
carbon marked corpora lutea 
were present in 8 of 10 
animals slaughtered 20 
Table 1.  (Cont inued)  
Author (s) Species Description of experiments Observations 
Wiltbank and Casida cow 
1956 
Armstrong and cow 
Hansel 1959 
Mandl and Buerger ape 
1904 
1. The uterus was removed 
in 4 heifers 5 to 10 days after 
estrus. 
2. Two heifers were subjected 
to subtotal hysterectomies on 
day 10 and 12 of the cycle. 
Approximately 5 inches in one 
and 8 inches in the other of 
uterine tissue remained in­
tact.  
The body and uterine horns 
were removed 1 day after 
estrus in 2 heifers.  The 
cervix remained intact in 
each case. 
Hysterectomies were per­
formed and the ovaries were 
examined 6 months to 3 years 
later.  
to 107 days after surgery of 
animals.  
1.  No heats occurred. Car­
bon marked corpora lutea were 
present in 3 of 4 animals 
slaughtered 46, 98 and 154 days 
after the preoperative heats.  
2.  Heats were observed 33 
and 49 days following the es­
trus periods prior to surgery. 
Carbon marked corpora lutea 
were not present at slaughter.  
Estrus was not observed after 
surgery, even after injections 
of oxytocin. 
The ovaries contained follicles 
in all  stages of development 
and well formed corpora lutea .  
Table 1.  (Cont inued)  
Author (s ) Species Description of experiments Observations 
Hartman 1932 monkey An animal which had cycled 
previously was hysterecto­
mized. 
Estrous cycles continued as 
indicated by vaginal desqua­
mation studies.  
Burford and Diddle 
1936 
Van Wagenen and 
Catchpole 
1941 
monkey Supravaginal hysterectomy 
and total bilateral salpin­
gectomy was performed in 5 
immature and adult animals.  
monkey Supravaginal hysterectomies 
were carried out on the 4th 
and 6th day postpartum in 2 
animals.  
Ovarian activity was not im­
paired as determined by 
vaginal lavage studies,  "sex 
skin" color records and exair 
ination of ovaries at lapar­
otomy. 
Normal ovarian activity con­
tinued as demonstrated by a 
study of vaginal desquamation 
Speert 1942 monkey 
Grammatikati  1889 woman 
One animal was hysterecto­
mized on day 22 of an ovula­
tory cycle. 
Ovaries were examined 6 
months to 3 years after 
hysterectomy. 
Ovarian activity was not 
impaired as determined by 
vaginal desquamation studies.  
Author was unable to detect 
any significant histological 
changes from normal in the 
ovaries.  
Abel 1899 woman Hysterectomy was performed Abel concluded that there was 
Table 1.  (Cont inued)  
Author(s) Species Description of experiments Observations 
Doran 1905 woman 
and in some cases the ovaries 
were removed. 
The after histories of 60 
cases of subtotal hysterectomies 
were discussed. 
an interdependence between 
the uterine mucosa and the 
ovaries,  and that in order to 
prevent rapid atrophy of re­
tained ovaries some of the 
endometrium must be con­
served. 
Author supported the Abel-
Zweifel theory. 
N N 
Vineberg 1915 woman Data were presented from 
many doctors.  The practice 
then was to conserve ovaries 
when the uterus had to be 
removed in women under 45 
years of age. 
It  was concluded that consened 
ovaries may be functional but 
i t  is  difficult  to evaluate their 
significance unless a part of 
the endometrium remains 
intact to insure the function 
of menstruation. 
Graves 1917 woman Uteri and ovaries were re­
moved in 233 cases. Uteri 
were removed and 1 or both 
ovaries in situ in 26 cases. 
Uteri were removed and 
ovarian transplantation to 
"Hot flushes" were reported 
in 80 to 90% of cases in each 
method of treatment.  Re­
tention of ovarian tissue was 
of l i t t le or no physiological 
value to the patient.  
Table 1 .  (Cont inued)  
Author (s ) Species Description of experiments Observations 
Hawk s 1921 woman 
Sessums and Murphy woman 
1932 
abdominal rectus muscle was 
attempted in 53 cases. 
Hysterectomy with and without 
retention of ovaries in 84 
cases was reported. 
A review was presented of 
91 cases subjected to hyster­
ectomy with retention of 1 or 
both ovaries before age of 36 
years.  
Vasomotor disturbances 
"flushes" were delayed when 1 
or both ovaries remained 
intact.  It  was concluded that 
i t  is  better to leave healthy 
ovaries and tubes after hys­
terectomy if done before or 
near the time of menopause. 
Hysterectomy hastened the 
onset of menopause. Author 
concluded that when hysterec­
tomy is necessary before 
menopause, as much endomet­
rium as possible should be 
retained to favor continuation 
of menstruation and both 
ovaries should be conserved 
if possible.  
M UJ 
Tamis 1934 woman Hysterectomy in 18 cases was 
reported. 
The duration of ovarian func­
tion did not bear any relation 
to the amount of gonadal 
Table 1.  (Cont inued)  
Author (s) Species Description of experiments Observations 
tissue conserved, however, 
ovarian activity persisted 
longer in women under 35 
years of age at the time of 
operation than the older group. 
There was a tendency toward 
premature onset of meno­
pausal symptoms even though 
both ovaries were conserved. 
Kretzschmar and 
Gardiner 1935 
woman A review of 2042 hysterec­
tomies of various types was 
presented. 
Authors concluded that a 
greater delay of the occur­
rence of hot flashes after 
subtotal hysterectomy would 
suggest some endocrine func­
tion for the retained uterine 
tissue. 
Siddall and Mack 
1935 
woman Abdominal hysterectomies of 
which 1141 were subtotal and 
235 were total were reported. 
Subtotal hysterectomy was 
advised in all but a small 
proportion of cases because 
of a later risk of carcinoma. 
Jones and TeLinde 
1941 
woman Three women were hysterec­
tomized and progesterone was 
administered over a period of 
It was estimated that hyster­
ectomized women are able 
to metabolize both endogenous 
Table 1.  (Cont inued)  
Author (s ) Species Description of experiments Observations 
time. Estrogen in the urine was and exogenous progesterone, 
evaluated. 
Sachs 1959 woman Hysterectomy and bilateral Lactation resulted 2 weeks 
ovariectomy was performed in following surgery, 
a nulliparous 42 year old 
woman. 
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PART I. SUBTOTAL HYSTERECTOMY AND OVARIAN FUNCTION 
IN GILTS 
EXPERIMENTAL PROCEDURE 
Thirty-five crossbred gilts ranging from 6 to 8 months of age were 
used as experimental animals. Estrous behavior was checked daily with 
vasectomized boars. The occurrence of normal estrous cycles was ob­
served in all animals before placing them on experiment. Subtotal 
hysterectomy in this study consisted of the surgical removal of the uterus 
from the tubo-uterine junction of each horn to the middle of the cervix. 
In some experimental groups, relatively smaller portions of the uterus 
were removed. Oviducts and the posterior half of the cervix remained in­
tact in all animals in this study. The latter was not removed because of 
its relatively inaccessible pelvic location in the gilts. 
In 6 groups of gilts with 5 animals per group the following parts of 
the uteri were excised: Group 1, right and left horns including body and 
anterior half of the cervix; Group 2, right and left horns ; Group 3, the 
left horn, posterior three-fourths of right horn including body and an­
terior half of cervix; Group 4, the left horn, posterior half of right horn 
including body and anterior half of cervix; Group 5, the left horn and 
anterior half of the right horn; and Group 6, the posterior halves of the 
right and left horns including body and anterior half of cervix. In sham-
operated gilts, Group 7, laparotomies were performed and the uteri were 
manipulated but remained intact. Figure 1 shows the reproductive tract 
of the gilt and the sketches indicate portions of the uterus retained by 
animals  in  var ious groups fol lowing subtotal  hysterectomy.  
Each animal was administered intramuscularly 10 mg. of tranquil­
izer (Trilafon, Schering Corp. ). This was followed by injection of 60 cc. 
of 2% Procaine (Abbott Laboratories) in the area of the incision. A ven­
tral mid-line laparotomy was used. All hysterectomies and sham oper­
ations were performed during the luteal phase of the cycle, days 8 through 
11, and the corpora lutea were marked with carbon for subsequent identi­
fication at slaughter. Sterile animal charcoal was placed in each corpus 
luteum with a sterilized dissecting needle. Length of the uterine horns 
was measured with a piece of sterile cotton cord at the time of surgery. 
Furthermore, number, size and characteristics of the corpora lutea 
were recorded. A "Polyotic Oblet" (American Cyanamid Co. ), containing 
500 mg. of tetracycline hydrochloride, was placed in the peritoneal 
cavity prior to suturing. 
Gilts were checked daily for estrus following surgery. Two heat 
periods were observed post-surgery and the gilts were slaughtered from 
days 8 through 11 following the second estrus in Groups 2, 4, 5, 6 and 7. 
Animals in Groups 1 and 2 not showing estrous behavior after surgery 
were slaughtered 119 to 121 days following the estrus prior to experimental 
treatment. Gilts in Group 3 were slaughtered 68 to 78 days following 
the estrus either prior to or after subtotal hysterectomy. Pituitary 
glands from animals in Group 1 were removed and frozen immediately. 
Each anterior lobe was individually evaluated for FSH, LH and lacto-
genie hormone (LTH) activities by bioassay methods previously described 
by Day et al. (1959). 
The initial progesterone concentration in luteal tissue and the 
capacity of the tissue to synthesize this hormone in vitro were deter­
mined 25, 50 and 110 days after removal of the uterus (from mid-cervix 
to tubo-uterine junctions) in 11 gilts. Procedures for quantitative esti­
mation of progesterone and for evaluating in vitro progesterone synthesis 
have been described by Duncan et al. (1960b). 
30 
RESULTS 
Data from different experimental groups relative to the amount of 
the uterus present at slaughter are presented in Table 2. The influence 
of various types of subtotal hysterectomies and sham operations on the 
occurrence of estrus are summarized in Table 3. Table 4 shows the 
effect of uterine extirpation on the weight of the corpus luteum. FSH, 
LH and lactogenic hormone (LTH) activities of gilts at different stages 
of the estrous cycle, pregnancy and following subtotal hysterectomy are 
presented in Table 5. Table 6 is a summary of the effect of removal 
of the uterus on luteal progesterone. 
Table 2.  Amount  of  u terus  present  a t  s laughter  
Uterus present at slaughter 
Part of uterus remaining Horns and/ or body Cervix 
Groupa  in animal weight length wei ght lengt: i 
gm. cm. g m 
• 
cm. 
1 Posterior half of cervix 0 0 34 + 3b 6 1' 0 
2 Body and cervix 56 + 8 8 t 1 73 + 9 11 + 1 
3 Anterior one-fourth of right horn 
and posterior half of cervix 
56 t 4 18 t 1 51 + 5 8 1 1 
4 Anterior half of right horn and 
posterior half of cervix 
107 t 16 47 t 3 39 + 4 8 t 1 
5 Posterior half of right horn, 
body and cervix 
163 t 21 61 t 6 47 + 10 12 t z 
6 Anterior halves of right and left 
horns and posterior half of cervix 
224 t 18 105 + 8 35 + 2 7 i  1 
7 Sham operation, uterus intact 467 t 28 285 t 17 56 + 6 13 t 1 
aFive gilts in each group. 
^Mean 1" standard error. 
Table 3.  Effect  of  subtotal  hysterectomy on es t rus  
Number Estrous cycle interval following operation 
Part of uterus remaining of 
Group in animal gilts First Second 
days 
1 Posterior half of cervix none 
2 Body and cervix 4 
1 
none 
26 31 
3 Anterior one-fourth of right horn 
and posterior half of cervix 
4 Anterior half of right horn and 
posterior half of cervix 
5 Posterior half of right horn, 
body and cervix 
6 Anterior halves of right and left 
horns and posterior half of cervix 
7 Sham operation, uterus intact 
3 
2 
none 
2 8  t  l a  
32 t 6 
25 t 2 
23 t 1 
21 t 0 
none 
23 + 0 
25 1" 2 
24 t 2 
22 _ 0 
aMean 1* standard error. 
Table 4 .  Effect  of  subtotal  hysterectomy on luteal  weight  
Group" 
Average 
slaughter 
weight 
Average 
number of corpora 
lutea per animal 
Average 
corpus luteum 
weight 
] 
2 
3 
4 
5 
6 
7 
lbs. 
385 
387 
385 
325 
310 
322 
301 
13 
13 
1 1  
15 
13 
16 
13 
mg. 
455 t 25b 
400 t 28 
453 t 28 
635 t 68 
522 t 32 
693 t 76 
622 t 88 
aFive animals in each group; see Table 2 for group descriptions, 
bMean 1 standard error. 
Table 5. FSH, LH and lactogenic hormone (LTH) activities of anterior lobe of pituitary glands 
from gilts at different stages of cycle, pregnancy and post-hysterectomy 
Stage of giltsa  
Number 
of 
gilts 
Average 
slaughter 
weight 
Dry weight 
anterior lobe 
of pituitary 
FSH assay 
utering 
weight 
LH assay 
ventral 
prostate 
weightc  
Lactogenic 
hormone 
(LTH) per mg. 
anterior-
pituitary 
days lbs. mg. mg. mg. I. U. 
Estrous cycle 
2 6 217 38 85 (6)d 43 (3)d 0.2 (6)d 
10-12 6 220 39 125 (6) 61 (4) 0. 3 (6) 
17-19 6 249 38 131 (6) 56 (3) 0.4 (6) 
Pregnancy 
25 6 286 41 116 (6) 6 4 ( 3 )  0.4 (6) 
85 6 299 50 131 (6) 67 (6) 0. 5 (6) 
aCycle and pregnancy data from Duncan (1960a). 
^Uterine weights represent the mean of 2 levels with total doses of 4. 6 and 9. 3 mg. 
cVentral prostate weights represent the mean of 2 levels with total doses of 3. 5 and 10. 5 mj;. 
^Number of pituitaries assayed. 
Table 5.  (Cont inued)  
Lactogenii 
LH assay hormone 
Number Average Dry weight FSH assay ventral (LTH) per ng 
of slaughter anterior lobe uterine prostate anterior 
Stage of giltsa  gilts weight of pituitary weight*3 weight0 pituitary 
days lbs. mg. mg. mg. I .  u .  
Post-hysterectomy 
25  3  270  51  115  (3 )  62  (3 )  1 .3  (3 )  
50  2  290  57  67  (2 )  56  (2 )  0 .8  (2 )  
1  10  5  385  68 101  (5 )  62 (5 )  1 .2  (5 )  
Control rats 
1 ) Cycle and pregnancy 
2) Post-hysterectomy, 25 and 50 days 
3) Post-hysterectomy, 110 days 
38 (8)e  
35 (8) 
32 (6) 
44 (5)e  
44 (5) 
44 (6) 
eNumber of rats. 
Table 6.  Effect  of  subtotal  hysterectomy on progesterone concentrat ion in  corpora lutea 
Number of days 
to slaughter after 
removal of uterus 
Number Average Average weight 
of number of total Progesterone concentration 
gilts of corpora lutea luteal tissue After 2 hrs. 
per animal Initial Incubation Increase 
25 
50 
110 
4 
2 
3 
2 
9 
16  
10 
16 
gm. 
4. 3 
5. 8 
4. 9 
6.9 
Mg- /g m. 
80 
64 
38 
22 
125 
110 
104 
45 
46 
66 
Figure 1. Reproductive tract of gilt. The shaded areas in the smaller 
sketches indicate portions of the uterus retained by 
individuals in different experimental groups 
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DISCUSSION 
The uniformity of the various subtotal hysterectomies is indicated 
by the standard errors of the weights and leng<lis of the portions of 
the uteri present at slaughter (Table 2). Gilts with only the posterior 
half of the cervix intact did not show estrus during a 120 day period 
following the last heat prior to surgery (Group 1, Table 3). Furthermore, 
estrus was not observed for the same period of time in 4 of 5 animals 
with the body and cervix present (Group 2). One animal in this group, 
however, did show a first estrous cycle interval of 26 days following 
subtotal hysterectomy and a second of 31 days. This gilt was slaughtered 
11 days after the second estrus. The quantity and gross morphology of 
the residual reproductive tract in this animal was comparable to that 
present in the 4 which did not return to estrus before slaughter at 120 
days. The carbon-marked corpora lutea were present in all 9 animals 
in Groups 1 and 2 which did not show estrous behavior. 
Du Me s nil Du Buisson and Dauzier (1959) reported persistence of 
corpora lutea for 117 days with ovulation occurring about 200 days after 
the last estrus in hysterectomized sows which were pregnant and non­
pregnant at the time of surgery. Spies et al. (I960) hysterectomized 4 
gilts in early luteal phase of the cycle and observed no heats prior to 
slaughter 32, 71, 72 and 119 days after last estrus. 
The results obtained from gilts in Groups 1 and 2 suggest that the 
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presence of either the posterior half of the cervix or the body and cervix, 
in the majority of animals, does not appear to influence the regression 
of corpora lutea under conditions of the experiments reported. However, 
these data show that the absence of non-gravid uterine horns has a 
similar influence on the life span of the corpora lutea as the presence of 
pregnant horns. Loeb (1923) reported complete or almost complete 
extirpation of the uterus of the guinea pig prolonged luteal function. 
The relationship of different portions of the uterine horns and the 
occurrence of estrous cycles following subtotal hysterectomy is indicated 
by results obtained in Groups 3,4, 5 and 6. Three of 5 gilts, with the 
anterior one-fourth of the right horn and the posterior half of the cervix 
intact, did not show estrus following surgery (Group 3). These 3 animals 
were slaughtered 72, 76 and 77 days after the heat prior to experimental 
treatment and carbon marked corpora lutea were present in each gilt. 
First estrous cycle intervals of 26 and 29 days were observed following 
subtotal hysterectomy in 2 gilts in Group 3. However, a second estrus 
was not detected in these 2 gilts and they were slaughtered 78 and 68 
days after the first post-surgery heat. The average estrous cycle interval 
in Groups 4, 5 and 6 was 25 days (range 19 to 57) as compared to 21 days 
(range 20 to 23) for the same animals prior to experimental treatment. 
Carbon marks in the stroma of the ovaries as well as unmarked corpora 
lutea were observed at slaughter in 2 gilts in Group 3 and in all animals 
in Groups 4, 5 and 6. The 5 sham-operated gilts in Group 7 maintained 
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normal estrous behavior and estrous cycle intervals following surgery. 
A delay in estrous cycle intervals of 3 to 4 days in Groups 4, 5 and 6 
as compared to Group 7 would suggest that a decidual reaction may 
occur in the gilt when the endometrium is cut at the time of subtotal 
hysterectomy. Data summarized in Table 3 suggest that retrogressive 
transformation of active corpora lutea to corpora albicantia during 
each non-fertile cycle is dependent upon a stimulus from the uterine 
horns. The results from the majority of animals (3 of 5) in Group 
3 showed that the anterior quarter portion of one uterine horn was 
insufficient uterine tissue to induce regression in corpora lutea. 
However, this quantity of tissue may be considered threshold in the 
two animals in Group 3 which did show estrous cycles. Larger amounts 
of either one or both horns were adequate for luteal regression as 
shown by Groups 4, 5 and 6. A special or localized anatomical 
region does not seem to be involved. Gross mammary gland develop­
ment did not occur in any of the gilts in these seven experimental 
groups. 
In the case of the guinea pig, Loeb (1923) reported that the life 
span of the corpora lutea was somewhat prolonged when one-third or one-
fourth of the uterus was allowed to remain intact. Morphologic changes 
in the endometrium which occur during the different phases of the estrous 
cycle are probably related to changes in physiologic activity of the endo­
metrium. The absence of this endometrial stimulus in gilts in Groups 
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1 , 2 and 3 could explain the persistence of functional corpora lutea and 
the absence ofestrous cycles. 
L.oeb (1927-28) has discussed the similarity between the effect of 
pregnancy and of hysterectomy on the guinea pig corpus luteum. He 
suggested the possibility that in pregnancy a functional inactivation of 
the uterine mucosa is responsible, at least partially, for the observed 
effects on the corpus luteum. According to Bradbury et al. (1950), in 
some species it appears that there may be luteolytic substances, espe­
cially in the endometrium, which hasten the involution of the corpus luteum 
in non-fertile cycles. Results from a study of factors influencing in vitro 
synthesis of progesterone by Duncan et al. (1961 ) indicate that endo­
metrial filtrates from days 12 and 13 of the estrous cycle increased 
in vitro synthesis by gilt luteal tissue whereas filtrates from days 16 
and 18 showed an inhibitory effect on hormone production. However, 
these factors may influence luteal tissue activity in vitro but may not be 
involved with corpus luteum function m vivo. 
The results obtained from the investigation presented here suggest 
that a stimulus may be produced by the uterus during the non-fertile cycle 
which could be directly or indirectly responsible for the regression of 
the corpus luteum. This stimulus could be a hormone or a local neuro­
humoral substance. A hormone produced by the uterus and transported 
by the blood and lymph may have either a direct effect on the ovaries or 
an indirect action by way of the pituitary. A neurohumoral substance 
produced by the endometrium may influence nervous activity and thereby 
modify ovarian function through pituitary control. Moore and Nalbandov 
(1953) have demonstrated neurogenic effects of uterine distention on the 
estrous cycle of the ewe. Hansel and Wagner (I960) have observed that 
uterine dilatation modifies the length of the bovine cycle. 
In a preliminary study it was observed that the life span of corpora 
lutea was extended in animals following the injection of an irritant or 
corrosive in the lumen of the uterine horn. The left horn was removed 
from the tubo-uterine junction to the body of the uterus in 4 gilts on day 
11 or 12 of the cycle. The lumen of the right horn and body was injected 
with one of the following: (1) 125 cc. of 10% tannic acid; (2) 50 cc. of 
12. 5% phenol; (3) 70 cc. of Bouin's fluid; or (4) 130 cc. of 10% silver 
nitrate. These animals were slaughtered 47 or 48 days after the estrus 
prior to treatment. Histologic examination of uterine tissues indicated 
that both tannic acid and Bouin's fluid caused necrosis of the endometrium. 
Following phenol the glandular epithelium was cuboidal whereas the epi­
thelium of the endometrial stroma was a low columnar type. Silver 
nitrate induced chronic ulceration (endometritis) and atrophy of glandular 
epithelium. It is of interest that persistent corpora lutea are present 
in cows with endometritis, metritis and pyometra. Estrous behavior was 
not observed in these gilts during this period and the carbon-marked 
corpora lutea were present at the termination of the experiment. These 
findings indicate irritants and corrosives modify uterine function in such 
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a way as to bring about a persistence of corpora lutea and as a result 
no estrous cycles occur. In contrast to these observations, estrus was 
observed in animals with only the posterior half of the right uterine horn, 
body and cervix intact (Table 3, Group 5). This horn of these animals 
was not treated with chemicals. Hansel and Wagner (I960) have reported 
alteration of bovine estrous cycles and luteal function following infusion 
of seminal and preputial fluids as well as seminal sediment. These 
findings suggest a modification of uterine function. 
There was no significant difference at the 5% level between Groups 1, 
2, 3, 4, 5 and 7 (Table 4) with respect to average corpus luteum weight. 
Corpora lutea in Group 6 were significantly heavier than in Group 2 
(P ^  0. 05). Nine of 15 gilts in Groups 4, 5 and 7 had an average of 16 
corpora lutea of which 7 in each gilt were hemorrhagic. The increase in 
organ weight of Groups 4, 5, 6 and 7 was due to this hemorrhagic con­
dition. 
Data in Table 5 show that the dry weight of the anterior pituitary 
was greater at time of slaughter in animals which had been previously sub­
jected to subtotal hysterectomy (from tubo-uterine junctions to mid-cervix) 
than m individuals in the cycle or in gestation. It was also observed that 
this organ was heavier at 110 days than at 25 or 50 days after the removal 
of the uterus. This increase in organ weight may have been due to age of 
the animals rather than an effect of the absence of the uterus. Holland-
beck et al. (1956) reported that the dry weight of swine pituitary glands 
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increased linearly with age. 
The bioassay methods employed did not allow for a direct quantitative 
measurement of FSH and LH activities of the individual pituitary glands. 
However, the uterine weight response was considered to give an approximate 
FSH potency and the ventral prostate weight was used to estimate LH 
activity (Table 5). The FSH activity of the anterior pituitary 2 days 
after onset of estrus was significantly lower (P < 0. 05) than any other 
stage of the estrous cycle or pregnancy investigated. At 25 days and 110 
days post-hysterectomy FSH activity was comparable to that observed 
during the estrous cycle and pregnancy. However, FSH activity was 
significantly lower at 50 days than at 25 or 110 days post-hysterectomy. 
There was no detectable LH activity 2 days following estrus and 
differences among reproductive stage means were not statistically sig­
nificant in this assay (P C 0. 05). The removal of the uterus did not 
appear to influence LH activity of the anterior pituitary. Results pre­
sented in Table 5 show an increase in lactogenic hormone (LTH) potency 
with advancing stages of the estrous cycle and pregnancy. The quantity 
of this hormone following hysterectomy was greater than during the cycle 
or pregnancy. Duncan et al. (1961 ) have previously reported that ovine 
lactogenic hormone did not have luteotrophic activity on swine corpora 
lutea as indicated by in vivo and in vitro experiments. 
A decrease was observed in the initial progesterone concentration 
in luteal tissue as the time interval increased following removal of the 
uterus (Table 6). This may indicate either a reduction in steroid pro­
duction or an increased rate of synthesis and release of progesterone 
from corpora lutea. The initial progesterone concentration in gilt 
luteal tissue 25 and 50 days following hysterectomy was comparable to 
that previously observed by Duncan et al. (1960b) during the luteal phase 
of the cycle and early pregnancy. Rowlands and Short (1959) reported 
increased luteal size and progesterone concentration following hyster­
ectomy in guinea pigs. However, the concentration in gilts 110 days 
following removal of the uterus was comparable to that found at 96 and 
102 days of gestation. Luteal tissue from animals after hysterectomy 
retained its capacity to synthesize progesterone in vitro as indicated by 
data in Table 6. The greatest increase was observed in tissue 110 days 
following the removal of the uterus. The increases at 25, 50 and 110 
days after hysterectomy were comparable to those reported by Duncan 
et al. (1960b) for luteal tissues from pregnant animals. 
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SUMMARY 
This investigation deals with ovarian function in gilts following 
subtotal hysterectomy during the luteal phase of the cycle. In 7 groups 
of 5 gilts per group the following parts of the uteri remained in the animals: 
Group 1, posterior half of cervix; Group 2, body and cervix; Group 3, 
anterior one-fourth of right horn and posterior half of cervix; Group 4, 
anterior half of right horn and posterior half of cervix; Group 5, posterior 
half of right horn including body and cervix; Group 6, anterior halves 
of right and left horns and posterior half of cervix; and Group 7, sham 
operations. Nine of 10 gilts in Groups 1 and 2 did not show estrus during 
a 120 day period following the estrus prior to experimental treatment. 
Three of 5 gilts in Group 3 did not return to heat during a 70 day period 
following the estrus prior to surgery. All gilts in Groups 4, 5 and 6 
had average estrous cycle intervals of 25 days as compared to 21 days 
for the same animals prior to hysterectomy. The sham-operated gilts 
in Group 7 had average estrous cycle intervals of 21 days. These findings 
suggest that retrogressive transformation of active corpora lutea into 
corpora albicantia during non-fertile cycles is dependent upon a stimulus 
from the uterine horns. 
Persisting corpora lutea (marked) and no heats were observed in 
gilts in which corrosives and irritants were injected into the lumen of 
the right uterine horn and body during the luteal phase of the cycle. The 
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lef t  horn was removed.  
FSH activity was significantly lower (P < 0. 05) 2 days after the 
onset of estrus than at any other stage of the cycle or pregnancy investi­
gated. Fifty days after removal of the uterus FSH activity was signifi­
cantly lower (P CO. 05) than 25 or 110 days post-surgery. Differences 
in LH activity were not statistically significant at any of the stages inves­
tigated. Lactogenic hormone (L.TH) potency increased during the cycle 
and advancing stages of pregnancy. Following removal of the uterus, the 
quantity of this hormone was greater than during pregnancy. 
There was a marked decrease in the progesterone concentration 
in the corpus luteum 110 days after subtotal hysterectomy. In vitro 
synthesis of this hormone by luteal tissue was observed 25, 50 and 110 
days after removal of the uterus. 
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PART II. HYSTERECTOMY AND OVARIAN FUNCTION IN BEEF HEIFERS 
50 
EXPERIMENTAL PROCEDURE 
Sixteen Hereford heifers, 15 to 18 months of age, ana weighing from 
560 to 790 pounds were selected as experimental animals. The animals 
were maintained under dry lot conditions on a ration of alfalfa hay and 
a limited feeding of ground ear corn. A salt mixture was available at 
all times. Manifestations of normal estrous behavior and estrous cycle 
intervals (17 to 23 days) were evidenced by all animals before placing 
them on the experiments. All heifers were checked twice daily for signs 
of estrus. Vasectomized bulls and androgenized steers were used for 
this purpose. Heifers were considered to be in heat if they would stand 
when mounted by a bull,  steer or another heifer. 
Hysterectomy consisted of the surgical removal of the uterus in­
cluding the cervix to the middle of the oviducts. In all animals the vagina, 
ovaries and anterior halves of both oviducts were left intact. In some 
groups relatively smaller portions of the uterus were extirpated. All 
heifers were hysterectomized during the luteal phase of the estrous cycle, 
days 8 through 11. Four groups each consisting of 4 heifers had the fol­
lowing parts of the uterus excised: 
Group A cervix, body, horns and posterior halves of the oviducts; 
Group B horns and posterior halves of the oviducts ;  
Group C cervix, body and posterior three-fourths of the horns; 
Group D cervix, body and posterior halves of the horns. 
51 
In preliminary trials the relative merits of various surgical 
approaches were considered. A supravaginal hysterectomy was performed 
on 1 of the larger heifers, but this animal was not included in the exper­
iments reported. A para-lui .ibar approach was used for the hysterectomy 
of heifer number 1 (Table 8). A mid-ventral incision was made in all 
other cases and it  appeared that this approach had many advantages over 
the other methods considered. 
Each heifer was maintained without feed and water for 24 hours 
immediately preceding surgery and 5 cc. of Sparine^ was administered 
intravenously. This was followed in 30 minutes with an intravenous in-
2 jection of Equi-thesin to the stage of narcosis. A local anesthesia was 
infiltered at the site of the incision. The animal was rolled into a sur­
gical cradle and the legs were tied so that the heifer was held in dorsal 
recumbency. The posterior part of the cradle was then elevated so that 
the animal's body was inclined to an angle of about 45 degrees to aid in 
keeping the intestines anterior to the surgical field. This elevation of 
one end of the cradle was accomplished with the aid of the hydraulic mech­
anism of a large animal operating table. It is interesting to note that even 
though the animals were kept in this position for an hour or more under 
^Sparine, brand of promazine hydrochloride prepared by Wyeth 
Laboratories, Inc.,  Philadelphia, Pennsylvania. 
^Equi-thesin, brand of chloral hydrate, pentobarbital,  magnesium 
sulfate mixture prepared by Jensen-Salsbery Laboratories, Inc. ,  Kansas 
City, Missouri. 
light narcosis, no regurgitation of the rumen contents occurred, nor were 
any complications recognized as a result of this abnormal position. 
After careful preparation of the surgical field, an 8 inch mid-ventral 
incision was made from a point about 3 inches behind the umbilicus ex­
tending posteriorly to the udder. In many cases the incision was extended 
into the anterior part of the mammary gland without resulting complications 
« 
of the healing process. The distal portion of the vagina in Groups A, C 
and D or the remaining part of the uterus in Group B was closed with nylon 
suture. The posterior and middle uterine arteries were ligated with 
number 1 catgut sutures. The size and characteristics of the ovaries 
were recorded and the corpus luteum was injected with a sterile suspension 
of animal charcoal for subsequent identification at slaughter. Following 
excision of the various parts of the uterus and marking of the corpus 
luteum, the rectus abdominis muscle was closed in 2 layers using number 
3 chromic catgut and the skin apposition was affected with a continuous 
nylon suture. The skin sutures were removed 7 to 10 days following sur­
gery. No abdominal hernia developed in any of the heifers. 
Within 48 hours after surgery each of the heifers was returned 
to the farm where they were checked twice daily for estrus. Animals 
not showing estrous behavior after surgery were slaughtered 250 or 270 
days following the last estrus prior to experimental surgery. Animals 
that did show estrous cycles after the surgery were observed over 3 heat 
periods and were then slaughtered from days 8 through 11 following the 
third heat. The ovaries were examined soon after slaughter for carbon 
marks in the corpus luteum or corpus albicans and data were obtained 
on organ weights and lengths. Uterine tissues were fixed in Bouin's 
fluid and stored in 70% ethyl alcohol for subsequent histological exam­
ination. 
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RESULTS 
The average amounts of uterus surgically removed in the 4 
experimental groups are presented in Table 7. The effect of uterine 
extirpation on the occurrence of estrus in each heifer is shown in Table 
8. Estrous behavior was inhibited in the 4 heifers (Group A, Table 8) 
for at least 270 days when the uterus was removed from the middle of the 
oviducts to include the cervix. Animal charcoal which was injected into 
the corpus luteum at the time of hysterectomy was present in the corpus 
luteum of each animal in this group. When the cervix and body of the 
uterus were left intact (Group B), 3 of the 4 heifers returned to estrus 
following surgery. One animal (heifer number 5) did not show estrous 
behavior during an interval of 250 days. A carbon marked corpus luteum 
was present when this heifer was slaughtered. The occurrence of the 
first post-surgery heat for 3 heifers in Group B was delayed about a week 
when compared to the estrous cycle intervals of these same animals prior 
to surgery. The estrous cycle intervals for the second and third post-
surgery heats in Group B were about 1 to 3 days shorter than observed 
during the pre-surgery estrous intervals. The 4 heifers in Group C 
which had only the anterior one-fourth of both horns left intact exhibited 
normal estrous behavior and estrous cycle intervals following surgery. 
Uterine extirpation of all but the anterior halves of both horns in the 4 
animals in Group D did not affect estrous behavior. Two heifers in Group 
Table 7. Amounts of the uterus surgically removed 
Average body Average weight 
Part of uterus remaining weight at of excised 
Groupa  in animal surgery uterus 
Average lengths of the parts of 
the uterus surgically 
removed 
Horns 
Cervix Body Left Right 
A None 
B Cervix and body 
C Anterior quarter portions 
of the right and left horns 
D Anterior halves of the 
right and left horns 
lbs. 
634 
690 
622 
595 
gm. 
209 
133 
154 
108 
cm. 
4. 8 
0. 0 
4. 6 
2. 7 
cm. 
1.9 
0 . 0  
1.4 
1 . 2  
cm. 
30 
26 
18 
14 
cm. 
> 6  
19 
aFour heifers in each group. 
Table 8. Effect of uterine extirpation on estrus 
Group 
Part of uterus remaining Heifer 
in animal number 
A None 1 
2 
3 
4 
Cervix and body 5 
6 
7 
8 
Anterior quarter portions 
of the right and left 
horns 
9 
10 
1 1 
12 
D Anterior halves of the 13 
aAverage estrous cycle interval. 
Prior to 
surgery 
Estrous cycle intervals (days) 
Following surgery 
First Second Third 
17 none 
18 none 
17 none 
19 none 
( 1 8 ) a  
23 none v 
19 33 15 17 ^ 
21 29 22 10 
18 22 10 21 
(19) (28) (16) (16) 
21 21 20 24 
20 34 14 23 
20 24 21 11 
18 20 18 19 
(20) (25) (18) (19) 
18 20 24 17 
Table 8.  (Continued) 
• Estrous cycle intervals (days) 
Part of uterus remaining Heifer Prior to Following surgery 
Group in animal number surgery First Second Third 
right and left horns 14 21 113 18 7b  
15 18 58 16 8C  
16 22 30 22 24 
(20) (55) (20) (14) 
^Two estrous cycle intervals of 7 and 8 days were observed beyond the third post- surgery 
estrus. 
cThree estrous cycle intervals of 9, 21 and 9 days were observed beyond the third post-surgery 
estrus. 
D (heifers number 13 and 16) returned to normal estrous cycle intervals 
after surgery, however, the first post- surgery heats in heifers number 
14 and 15 occurred 113 and 58 days after the estrus prior to hysterectomy. 
The second post-surgery cycle intervals were normal in both cases, but 
the third estrous cycle intervals were only 7 and 8 days, respectively. 
These 2 heifers returned to estrus after the third post- surgery heat 
prior to the designated time of slaughter. Further observations were 
then made and the unusually short estrous cycles continued in both heifers. 
Information on the weight of the corpus luteum and the amounts of 
the parts of the uterus present in each heifer when slaughtered are shown 
in Table 9- The 270-day old carbon marked corpora lutea of the 4 hyster­
ectomized heifers in Group A were uniform in size and weighed less than 
the corpora lutea in the animals which returned to estrus following partial 
removal of the uterus in Groups B and C. However, the average weight 
of corpora lutea was least in 3 heifers in Group D and in 1 case (heifer 
number 15) only a corpus albicans was evident at slaughter. The unusually 
short estrous cycles observed in heifers number 14 and 15 could have 
been caused by the lack of adequate formation or maintenance of corpora 
lutea. 
The lengths of the parts of the uterus present in each animal at 
slaughter indicates the uniformity of the amounts of uterus extirpated in 
the various groups. All of the uterine tissue was removed at hysterectomy 
in the 4 heifers in Group A. Two heifers in Group B in which the cervix 
Table 9.  Amounts of  the uterus present  at  s laughter  
Lengtl is of the parts of tiie 
Average Corpus uterus present at slaughter 
Part of the uterus remaining slaughter Heife r luteum Horns 
Group in animal weight number weight Cervix Body Left Rifcht 
lbs. gm. cm. cm. cm. cm. 
A None 984 1 3. 55a  0 0 0 0 
2 3. 15a  0 0 0 0 
3 3. 26a  0 0 0 0 
4 3. 5la  0 0 0 c 
(3. 37)b  
B Cervix 'and body 771 5 3. 72c  5. 0 3. 0 3. 0 3. 0 
6 5. 69 3. 6e  2. 8 0 c 
7 6. 21 5. 2 3.4 0 0 
8 3. 37 4. 8 2. 5 2. 5 2. 5 
(4. 75) 
aCarbon mark present in corpus luteum 270 days after last estrus prior to 
1 
surgery. 
^Average weight of corpora lutea. 
cCarbon mark present in corpus luteum 250 days after last estrus prior to surgery. 
eDouble cervix. 
Table 9.  (Continued) 
Lengths of the parts of the 
Average Corpus uterus present at slaughter 
Part of the uterus remaining slaughter Heifer luteum Horns 
Group in animal weight number weight Cervix Body Left Right 
lbs. gm. cm. cm. cm. cm. 
c Anterior quarter portions of 709 9 5. 50 2. 0 0 12. 0 10. 0 
the right and left horns 10 5. 15 0 0 10. 0 10. 0 
11 6. 00 0 0 9. 0 8. 0 
12 4. 00 0 0 15. 0 16. 0 
(5. 16) 
D Anterior halves of the right 679 13 0. 97 0 0 15. 0 12. 0 
and left horns 14 2. 26 8. 0 0 25. 0 17. 0 
15 _ _ d  3. 5 0 15. 0 17. 0 
16 4. 21 3. 0 0 24. 0 13. 0 
(2. 48) 
^No corpus luteum present. A corpus albicans was present. 
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and body of the uterus were to remain intact actually had in addition 
posterior portions of both horns present when slaughtered (heifer number 
5 and 8). In the 1 case (heifer number 5) gross examination of the 
remaining part of the uterus at slaughter showed that an accumulation 
of fluid distended the body and posterior portions of both horns. This 
condition appeared similar to pyometra. However, histologic examination 
of uterine tissues from this heifer showed normal endometrial epithelium 
and marked secretion from the uterine glands. Infiltration of leukocytes 
was evident around many of the uterine glands. The endometrial epithe­
lium appeared normal in the body of the uterus (heifers number 6 and 7) 
and in the body and posterior portions of both horns in heifer number 8. 
No accumulations of fluids containing large numbers of leukocytes in 
the remaining uteri were evident in these 3 animals. In Groups C and 
D in which larger amounts of both horns were to remain in the animals, 
a part of the cervix was present in 4 of the 8 heifers at slaughter. 
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DISCUSSION 
When the entire uterus is removed from the heifer during the luteal 
phase, estrous behavior does not occur and the corpus luteum persists 
for at least 270 days. This period of time approaches the life span of a 
corpus luteum during pregnancy. The rinaximum time that a corpus 
luteum will persist in the hysterectomized heifer has not been determined. 
Wiltbank and Casida (1956) reported inhibition of estrus and persistence 
of corpora lutea in 3 of 4 heifers in which the entire uterus was removed 
on days 7, 8 and 5 of the estrous cycle. These 3 animals were slaughtered 
46, 98 and 154 days, respectively, after the preoperative heats. One 
% 
heifer following complete hysterectomy on day 10 of the cycle returned 
to estrus 27 days after the preoperative heat. However, this heifer had 
a well developed corpus luteum and a "cystic" follicle present when ob­
served at slaughter. The results of the experiments reported in the 
present study show that a portion of the uterus must remain in the animal 
for regression of the corpus luteum. This would suggest that a stimulus 
is elaborated from the uterus which influences ovarian function during 
each non-fertile cycle. The uterine stimulus influencing luteal function 
in the cow may involve humoral or neural factors or a combination of 
both. 
The cervix and body (heifers number 6 and 7, Table 8) were suf­
ficient to permit normal cyclic regression of the corpus luteum. Estrous 
cycles were uninterrupted in heifer number 8 which had the cervix, body 
and posterior portions of both horns remain after surgery. However, no 
estrous behavior was observed during a 250 day period in heifer number 
5 which had a comparable amount of the uterus remain intact. The 
cervices in heifers number 5 and 8 had tall columnar cells and mucous 
secretion fwas ^ evident in the os uteri and vaginae. The endometrial 
epithelium in both animals was normal, however, an abundant infiltration 
of leukocytes around the uterine glands was evident in heifer number 5 
which did not return to estrus following surgery. The collection of fluid 
which distended the remaining uterine tissue in this heifer may have 
caused an irritation upon the uterine mucosa. Thus, a stimulus from 
this uterine tissue that would initiate retrogression of the corpus luteum 
may have been inhibited. The practicing veterinarian commonly observes 
continued anestrum and maintenance of the corpus luteum in cows with 
endometritis,  metritis or pyometra. From these results it  would be 
apparent that the quantity of uterine tissue which remained in these heifers 
(Group B) was sufficient to permit regression of the corpora lutea in 3 of 
the animals and was not adequate for luteal regression in 1 heifer. Thus, 
these amounts of uteri which permit cyclic regression of corpora lutea 
approach a threshold since the uterine mucosa was normal in each animal. 
The presence of the anterior halves or anterior quarter portions 
of both horns was sufficient quantities of uterine tissue for luteal re­
gression and continuation of estrous cycles in all 8 animals in this study. 
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Wiltbank and Casida (1956) reported estrous cycle intervals in 2 heifers 
of 49 and 33 days when approximately 5 inches of uterine tissue (2 inches 
of each horn plus the body) were left intact in 1 animal and approximately 
8 inches of uterine tissue (3. 5 inches of each horn plus 1 inch of body) 
were left in the other heifer. 
Armstrong and Hansel (1959) hysterectomized 2 heifers in which 
the body and horns of the uteri were removed and the ovaries, oviducts, 
cervices and vaginae were left intact. These 2 heifers were given 7 
daily injections of 150 U. S. P. units of Amour's Purified Oxytocic 
Principle (P. O. P. ) starting on the first day of estrus. Neither of the 
hysterectomized heifers resumed cyclic sexual activity for at least 60 
days whereas 2 sham-hysterectomized heifers exhibited estrous activity 
under similar treatment. They also have demonstrated that P. O. P. 
will shorten the estrous cycle to 8 - 12 days in the intact cow if admin­
istered daily during the first week of the estrous cycle. It was concluded 
that the observed effects of P. O. P. were caused by inhibition of normal 
corpus luteum function, possibly by interfering with secretion of a luteo­
trophic hormone from the anterior pituitary. Smith et al.  (1957) re­
ported that daily subcutaneous injections of different levels of lactogenic 
hormone preparations did not appear to have a luteotrophic action in the 
intact heifer. Nine heifers returned to estrus within a range of 19 to 26 
days while being injected with lactogen. The lactogen treatment began 
at different stages of the estrous cycle. Hansel and Wagner (I960) have 
shown that uterine dilatation during the first 7 days of the cycle caused 
a large proportion of cows and heifers to have shortened estrous cycles 
which were often 8 - 12 days in length. This would indicate that a neural 
stimulus from the uterus may influence ovarian function via the central 
nervous system and pituitary gland. 
The results from this study indicate that a stimulus elaborated 
from the uterus is not dependent upon a particular anatomical region. 
However, the quantity of uterus remaining in the animal must be adequate 
to furnish the stimulus necessary for the regression of corpora lutea 
followed by follicular development and normal estrous activity. The 
heifers in Group B which had the cervix and body and in 2 cases the cer­
vix, body and posterior portions of both horns approach the minimal 
amount of uterus required to permit normal estrous cycles to continue. 
The factors responsible for the development, maintenance and regression 
of the corpus luteum are not known. Marsh et al.  (1961) have reported 
that the rate of in vitro biosynthesis of progesterone by bovine corpus 
luteum slices was increased 2 to 10 fold with the addition of the following 
gonadotropins :  human chorionic, horse pituitary, and sheep pituitary 
LH. Bradbury et al.  (1950) have stated that, in some species apparently 
there are luteolytic substances, especially in the endometrium, which 
hasten the regression of the corpus luteum of the non-fertile cycle. Sil-
biger and Rothchild (1961) also have indicated that the uterus seems to 
have a role in luteolysis, possibly potentiating folliculotrophin (FSH and 
LH) production. The results from the experiments reported here dealing 
with total and subtotal hysterectomy in the beef heifer indicate that in 
the absence of the uterus the corpus luteum persists for a period approx­
imately that of gestation. This finding would suggest that the nonpreg­
nant uterus produces a stimulus which could function (1) as a hormone 
acting directly on the corpus luteum or indirectly by the way of the pituitary 
(feed back mechanism) (2) as a local neurohumoral substance which could 
influence afferent nerves from the uterus and thereby modify pituitary 
function by the way of the hypothalamus. In the absence of the uterus 
following complete hysterectomy this stimulus would not be present. When 
only a portion of the uterus remains in the animal, for example (1) body 
and cervix, (2) anterior halves of both horns, or (3) anterior quarters of 
both horns, this stimulus for the regression of the corpus luteum is 
present. In the case of the pregnant uterus, this influence would be ab­
sent. However, the mechanism which causes the maintenance of the 
corpus luteum in the heifer following complete hysterectomy may be 
unrelated to that which brings about the persistence of the corpus luteum 
in the pregnant animal. 
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SUMMARY 
This investigation deals with ovarian function in heifers following 
hysterectomy during the luteal phase of the estrous cycle. In 4 groups 
- each consisting of 4 heifers the following parts of the uteri remained in 
the animals: Group A, none (hysterectomy); Group B, cervix and body 
and in 2 cases the posterior portions of both horns ; Group C, anterior 
quarter portions of the right and left horns ;  and Group D, anterior halves 
of the right and left horns. The 4 hysterectomized heifers in Group A 
did not show estrus during a 270 day period following the estrus prior 
to experimental treatment. Each animal in this group had a carbon 
marked corpus luteum present at slaughter. Three estrous cycles were 
observed in each of 3 of the 4 heifers with the cervix and body intact 
(Group B). One heifer in Group B did not return to estrus during a 250 
day period following the estrus prior to surgery. Histologic examination 
of the uterine tissues in the body and posterior portions of both horns of 
this heifer showed a normal endometrial epithelium. However, infil­
tration of leukocytes around many of the uterine glands was evident. The 
collection of fluid which distended the remaining uterine tissue in this 
heifer may have caused an irritation upon the uterine mucosa. Endo­
metrial epithelium was normal in the 3 heifers in this group which did 
cycle after surgery and few leukocytes were evident. Three heats were 
observed in each of the 8 heifers in which only the anterior quarter portions 
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of both horns (Group C) or the anterior halves of both horns (Group D) 
remained in the animals. These findings suggest that the retrogression 
of-active corpora lutea into corpora albicantia during non-fertile cycles 
in the beef heifer is dependent upon a stimulus from the uterus. 
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GENERAL SUMMARY 
These investigations deal with ovarian function in gilts and heifers 
following total and subtotal hysterectomy during the luteal phase of the 
cycle. Maintenance of functional corpora lutea for a period of time 
approximating the period of gestation was observed when total hyster­
ectomy is performed in the heifer (from the middle of the oviducts to 
include the cervix) and when subtotal hysterectomy is performed in the 
gilt (from the tubo-uterine junctions to mid-cervix). When different 
parts of the uterus are allowed to remain intact in either species, cor­
pora lutea regress and follicular development and normal estrous activity 
continue. These findings suggest that retrogression of active corpora 
lutea in the gilt and heifer into corpora albicantia during non-fertile 
cycles is dependent upon a stimulus from the uterus. 
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